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VO DEE CIORITE and
VINYILIDENE CHELOCRIE=-VINVI, CZCRIDE COPCIYMERS

Vinylidene chlcoride

1.1 Svnervems and -“rade names

1. Cesical and Pwsizal Zata

Chem. Abstr, Sexvices Reg. No.: 75é3M

i

Cem. Abste, Name: 1,l-Dichicroethene
1,1-Dichloroeshylene; asym=dichloroethylers
Sconatex

‘.y—Q -

1.2 Strecmmral and melecular Sommulae and weicht
P

Czﬂzd.z Mol. we: 97.0

1.3 Cemical and phvsical proverties of the oure substance
From Weaast (1976), iless otherwise specified

(a)

()

Descrirtion: Clear liguid with a swee: odow (Hardie, 1964;
Windholz, 1976) '

Boiling-coint: 37°C

Meltingw=aint: =-122.1°%C

Densicy: d° 1.218; vapour demsicy pe-37%, 3.4 (air = 1)
(Arem., 1972)

Mafractive index: n2° 1.4249

Spectroscooy data: A vapar <200 mm;  infra-red, nuclear
maenetic rescnance, and mass spect—al data have been tabulaved
(Grasselll & Ritchey, 1975)

Solubilitv: Inscluble in water (0.04% weAol. at 20°0);
miscible with most grganic solvents (Eardie, 1964)
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M) Velatilicy: Vapowr pressice s 400 mm ac 14.5% Perzv &

(1) Stamilizy: Flashemoint (closed o), -17°C (anon., 1972);
easily solymerized at tamperatires above (°C in the presence
of cxygen or other catalysts (Windholz, 1976)

(j) Comvession faceer: 1 pgm in air is sporocioamtely 4 mo/s’
1.4 Technisal or=duc=s ard irpurisies )

Vinylidene chleride is commercially available in the US with the
Sollowing typical specifications: vinylidene chloride, 99.6 w= &;
acetylere, 25 mg/ky max.; other chlorinatad hydrocarions, none exceeding
0.25 wt §; acidity (as hydrogen chlcride), 10 mg/kg max.; percocide
(as hydrogen peroxide), 10 og/kg max.: water, S0 mg/kg max.: and
inhibiter (roncrethyl ether of hydroguinene), 180 se 220 xg/ks (PEG
Indust=ies, 197S).
are as follovs: specific gravity (€20), 1.2129; meleing-paine, -122.1%;
Soilingwpoint, 33.4%C; and refractive ixdex (n2)), 1.4249.

2. Prouction, Use, Ccowrrence and Analysis

2.1 Production and use

(a) Production

Vinvlidens chloride was £isst prepared by Recnault in 1838 by the
reaction of trichloroethane ard alccholic potassium hydeoxide (Reinha-de,
1943).

ummummwhmwmm.iﬁn
ccmmarcially produced in the US and Japan by the dehydrochlorination (using
sodium hydroxdde or lime) of 1,1,2-trichicroethans, darived from ethylens
dichloride. The resulting cmixis vinylidens chloride is porified by washing,
dying, ad Loactional distillation. Inhibitors are nommlly added at
this point (Wessling ¢ Edwards, 1571).
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The cormescial production of vimylideme chloride was depencent on the
develomment and commes=ialization of vinylidene chlorise copolyrers, axd
was first remore=ed in the US in 1940 (TS Tariff Coammission, 1541).

It is estimatec that owo US conpanies srodiced a combined toral of
70 ;illion kg vinylilene chloride in 1976 and that cne of these corpanies
renufactized an additicnal 50 million ky for captive use as an wnisclazed
intemmediate in the production of 1,1,1-tmchiceoecshane, US inperts and
exarts of vinylidene chloride are negligible,

Vinylidens chloride has been procired camercially in Japan since
1951. In 1976, threes crpanies procuced a cerbinad ootal of 28.1 millien
kg. Japanese irpor=s and egorts of vinylidene chlcoride are negligibhle.

© Use

Bxlxiing the anont used as an wnisclated intermadiate in the
producsion of 1,1,1-tzichicroethane, rore than 90% of the vinylidene
chloride prodiced in the US and Japan is used in the proxdhuction of
ccpolymers of high vinylidene chloride content, the cther major monamer
usually being vinyl chleride. For a discussion on the uses of vinylidene
chloride-vinyl chlorids copolymars and cther vinylidene chilaride-hased
Plymers, ses p. .

The remining 10% o lass of the vinylidene chloride prodhxed is wsad
in the mamfactmize of mdacrylic fZibwesg, which are lartely based en
acrylonitrile with small anounts of vinylideng chioride and other moncmess.
mammamamﬁm,m'mmmmm
fikres®, p. . '

The Amrican Cnfsrence of Goversmental Indust—ial Bygienists (ACGTH)
recconds that an eployes's egone 0 vinylidens chloride does rot
oced an eight-hour tims weightad sverage of 40 my/m’ (10 ppm) in the
wziplace air in any eight-hour work shift of a forty-hour work week.
Dxring any fLiftesn minuts pericd, the ACGIH proposes an absclute ceiling
conesntration lixit of 80 my/Ax’ (20 ppm) provided the daily threshold
Lmit value (in teamms of eight-howr time weightad values) is not exceeded
(ACTE, 1976).
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2.2 Cooumrence
Vinylidene chicride is nos Xnown =0 ooour as a naszal szoducs.

(a) Air

Workess involved in mamsfacmIming facilizies usinmg vinyl chlsride
in polymerizazion srocesses (e.g., polyvinyl chloride) have bSeen reom—ad
© be exzesed ™ vinylidene chlorile concentactions (Jaecer, 1976: Ot=
ez zl., 1975) in ammnts of less than 20 mg/m’ (5 pom) and most Soequencly
@ trace ameunts (Rramer & Mutshler, 1972). Vinylidene chloride at
levels of 8 mz/m’ (2 som) has also been reccreed o be 2 contaminant of
sulrarine and at levels of (-2 rxm of spacecTa’t atmospheres (Al=man &
Ditemer, 1566).

Brisgions of vinmyliders chlcride in the US in 1974 have been estimatad
at 1.52 million ko £om moxorer synthesis cperations (reduced oo 277 thousand
ks by new contxrol sscimology in late 1975), 308 thousand kg from olymer |
synthesis cperations, and 13.8 thousand kg Som polymer fabrication opera-
tions (Bushon & Rorteish, 1976).

©) Hater ’
chemical mnufacoaing plants in The Netherlards at a concenr=ation of
32 uwg/l (Bxzocop-Cost, 1976) ard in effluent discharged by chemical and
latex mamufacoring plants in the US. It has also been identified in
well, ziver, and zaw water in the US (Shackelford ¢ Reith, 1976). The
highsst sepcztoad correntration of vinylidene chloride in the US Zinighed
drinking wvater was 0.1 ug/l (US Envizomgrensal Protection Agency, 1975).

(c) Other
Vinylidens chlerids has been found as an iopxity in tsichloccetiyylens
(zeeantion volume: 0.192) & Bodyagin, 1970), in vinyl chloride

moomr (limit of detsction, 5 my/kg) (Kiezel et al., 1975: Saswu et cl.,
1968), and at a level of 0.011% in cormercial chlescprene (Rxwinyan &
Shirinyan, 1969). - : ‘

wwmwmmmmmmm
sesidual vinylidene chicride monmamer. Six rolls of housshold 2iim had
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rnorer coneensrasions rancing Soom 6.5 =0 10.4 mg/ks, with an avesace 2f
8.3 mg/kg. There wese O sigificans diffsrences N sarples caken Iomn the
begimning (cutside) o the end (inside) cof each roll. The industrial 2:i'n
showed levels sancing Soom 10.9 €2 26.2 mo/ks with levels increasing S
the becinming <o the ed ¢ the rcll [Biskel ev zI., 1977).
2.3 Analvsis

Vinylidens chicwide has been jdemtified in air by trapping in pyzidine
and oolorimetric determination of the cyanine cbtained by reacsion wizh
barsimmic acid or aniline. The limit of detection was 10 mg/An’ (2.5 zom)
(Gronsberg, 1975).

Gas chramasocraphy has been used to determine vinylidene chloride as
an imity (1) in tichlorcethylene (Viasov & Bodvagin, 1970) and (2)
in vinyl chloride menomer (Sassu et co., 1968) with 2 limit of deteczion
cf 5 my/kg (Riezel ¢z al., 1975). The same thod has been applied to the
detection ¢f See vinylidene chlorids in latex (Bollini e 2., 1974). -

mmmm&ma:bmuadwé\wi&w
ulmcmwmuwwm;summ
evaluated to detexwing vinylidens chleoride in industrial atmosshetes
(Sevars & Skery, 1975). A smpling tachnigque for concenzmation of ais
pollutanss incluxding vinylidens chloride on different gas cxumatogradhy
has been evaluated. The corpownds were tharmally descrbed and analyzed by
gas clromatography using flame ionization decacticon: the limit of dewaction
is 4 ug/m® (1 pob) (Russell, 1575).

Vinylidens chlor-ide has been detactad in saran films by gas cluzwrate~
graghy with elec=on captize datacticn and mass spectoorety confizmasion.
The limit of datection of the method is 5 mg/kg (Rirkel ¢* cl., 977).

CHA 014068

BFG61193

LELOBTOSZ



3. Rislocical Dm=a Ralevans =0 =ha Bvalua=isn
of Car=irogenic Risk <« PRumans

3.1 Car=recemicizv xd relassd studies in animals!

(2) Cmal ad=inistoazion

Rat: In a mreliminary report of an ongoing study, Tops of 30 male
ané 30 f=male Scrasue~Dawley rats were acdministered 5, 10 or 20 mg/kg bw
vinylidens chloride in olive cil by stomch Sube once daily, 4-5 days/week,
for 52 weeks; 1 casuinam of tha Zymbal glard was absesved in a =t
teated with the 10 my/ky bw dose. A control growp of 100 male and 100
female rats were given olive cil alene. At the time of reporsing, <
zacs had been chserved for 32 weeks after the start of creatwrent (Maleeni
et al., 197D, |

() Inhalation exoosure

Muse: In an eperizent still in progTess at the time of reporting, .
cops of Swiss mice, 9 o 16 weaks of age, were exposed 4 hours/day,
4~5 days/week, to vinylidane chloride vapxxzrs in air at concentrations of
800, 400, 200, 100, ar 40 mg/m® (200, 100, 50, 25 cr 10 mm). Due @
toxicisy, mice treatsd with 200 (60 males and 60 femmles) cr 100 gpm
(30 males and 30 femmles) ware exposad for nly 2 days and these teatad
wizh 50 pem (30 males and 30 females) for cne week cily . At the 25 zom
lavel, 30 males =d 30 fermles ware initially eposed and a Sizsher qroap
of 120 male and 120 femle mice was startad at the sarm epone lsvel
ad easment of both ccoops continued for 52 weeks; at the timm of
reporing, 98 wesks, 24/150 males axd 1/150 females had develcped adenc~
carcinams of the kidney, oftsn billsteral. Oa mis had a kidney adenc~
carcinam in the gzoxp trestad with 50 o for cne wask. No stixh tupours
had cemurred in mice eposad o 10 o for 52 weaks or in 380 cntrols
mmmwsemdgg Malteni, 1977; Maltmi

¢t al., 197TN).
//‘m& s&..§3g¢M.~

IThe wezking Grop was aare of angeing studies ©o assess the carsine-

i

genicity of vinylidens chloride in mice by skin applicatien in mice
and rats by oral administracion ( ). The working Group was also
inhalation stixiies vsing rats

1978
sware of cnxing oral (dzin)dnq«nr;m
in which the data analysis wvas not cxplets (Rapy et 2l., 1877). FRuzther
inhalation studies cn two strains of rats ware also ircarplets (Vicla &
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A group of 36 male and 36 female -1 mice, 2 months of age, wvece
exposed to 220 mg/m’ (55 ppm) vinylideze chloride in air 6 houss/day, §
days a veex for 12 months, at which tige the experizen: was terminated.

Two :ales died early iz the experizent and wvere Teplaced by healthy =zice;

2 zales vere killed in the 9th menth of creatment and one female duriag
the 10th zonth of treatmeat. Broochioclo-alveclar adeaomas occurred iz 6
mice and angiosarcomas of the liver cccurred in 3 mice treated with visyli-
dene chloride; no such tumours occurred in comtrols. Three hepazomas and

‘2 skin keratoacanthomas were also reported £o occur in treated =ice (lee

et al., 1977, 1978) [The Working Group noted the short duracion of che
experimeat].

Rat: A group of 36 male and 36 female CD rats vere exposed to viayli-
dene chloride in air at a comcemtration of 220 mg/m’ (5S ppm) 6 nours/day,
5 days a veek for up to 12 oonths, at which time the experiment vas termini-
ated and all survivors killed. Two rats developed angiosarcomas, cne in
the mesesteric lymph node and ons in the subcutanecus tissue. Such tumours’
did aot occur in comtrols (Lee et al., 1977, 1978) [The Working Group noted the
short duratien of the experiment].

One group of 60 male and 60 female Sprague-Dawlsy rats were exposed to
800 reduced to 600 mg/m® (200 reduced to 150 ppm), and 4 groups of 30 femsle
and 30 male Sprague-Davley rats were exposed to 40, 100, 200 or 400 mg/=’
(10, 25, 50 or 100 ppm) virmylidese chloride iz air for 4 hours/day, 4-5 days
a veek for 52 veeks and observed for up to 82 wveeks (time of reporting).
The animals wers 16 weeks old ac ths start of treatmenz. An increased
iacidence of mammary fibroadenomas and carcinomas (40-560Z) wvas reported when
cozpared with 100 male and 100 female controls (322). No dose~-rasponse
telation vas found. 1In addicion, ons Zymbal gland carcinoma was seen in one
rat treaced with the 100 ppa dose (Malzeni et gl., 1977).

Hamstar: 1In a study still in progrsss, 2o tumours had occurred at 74
vaeks among a group of 30 asls and 30 femals Chinass hamsters, 28 wesks of
age, exposed to 25 ppm vinylidene chloride in air & hours/day, 4=-5 days a
veek for 52 veeks (Maltoni e¢ al., 1977).

[ETEL TEL TRLTCN
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3.2 Other relevan: bioclogical data

The adverse biclogical effec:zs of viaylidene chloride have been
reviewed (SPA, 1976; BEaley, 1975; WarTen & Ricai, 1978).

(2) Expecimencal svstems
Toxic effects

Results reported for acuta toxicity studies on vinylidene chlotide
have beea highly variable, the lethal conceatrzatiocns are dependent cm the
dietary parameters (fed or fasted animals) and on the hepatic glutathione
content which exhibited significant variations in diurnal rhythm (Jaeger
et cl., 1973a, 1974). The LCse by imhalation for a &4 hour exposure wvas
40-60 mg/1l (10,000-15,000 ppm) in fed rats and 2-10 =g/l (500-2500 ppm) ia
fasted racs (Jaeger ¢t al., 1973b); che zinimum lethal coucentraticn was
10,000 ppm for a 24 hour exposure for fed rats (Jaager ¢ cl., 1974). The
LCsy of vinylidene chloride for rats followving exposure for 4 hours and
observacicn for 2 veeks was 25.4 mg/l (6350 ppm) (Siagel et al., 1971).

The oral IDss in mice wvas 200 mg/kg v (Jones & Bathway, 1978a). The

oral LDs; was 1500 mg/kg bw iz normal vats and 80 mg/kg bw iz adrenalecto-
mized racts (Jeukins et gl., 1972). In dog, the oral minimal lecthal dose was
5750 mg/kg bv and the 1.v. minimal lechal dose was 225 mg/kg bv. The s.c.
minimal lechal dose in rabbits wvas 3900 mg/kg bw (Barsoum & Ssad, 1934).
Death was dus to vascular collapse and shock (Jasger e cl., 1973b). -

Inhalacion studiss using rats, guinea-pigs, dogs, rabbits and monkaeys
vith exposures at sesn level of 189 mg/m’ (48 ppm) for 90 days produced
siguificant mortality and liver damage but oo changes in haematological
paramecters (Prendergast ¢t cl., 1967). Inhalarion of winylidens chloride
for 20 6=hour exposurss at 2 mg/l (500 ppm) caused zmose irritation, reduced
veight gaia and hepatic histcpathological changes in racs (Gage, 1970).

In fagszad racs exposed oo 0.8 mg/l (200 ppm) for 4 hours, liver pareachymal
cell injury was observed (Raynolds et cl., 1575).

_ Minimg] liver changes charactarizesd by sa incrsass ia cytoplasmic
vacuclization of occasionmal individual hepatocytas were noted in Sprague~
Dawley rats created with 6=8 ag/kg bw/day for 90 days vinylidene chloride
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given at a comcentmation ¢f 200 =g/l in cheir drinking-wazer. It 2 stat:s
reNcrt on 2 TWo-year stXly with male and female Scrague~Dawley sazs
receiving 16-40 mg/kg w/day (200-230 =m5/1), 8-20 mp/ks Ww/day (100-120
/1) and 5-12 my/kg bw/day (60-70 op/l) in their Srisking-uwater, ro
mmwwamwmﬁmmam:ﬂaﬁmm
suvival of male rats cnly at 18 and 24 mnths. Rats exposed for 30 or W0
days = doses cf 0.1-0.3 mg/1 (25~75 pom) in air showed xini=mal coxicologi-
cal effeces in the liver (Noz=is, 1977).

Vinylidens chlaride affects che activicy of several Liver encynes,
notably it decrmases hepatic glucose—f~phosthatass and increases serum
alanine c-ketoglutarats transaminase (SAKT). It increases the liver con-
tert of tTiglycerides and decreases that of glutathione. Dacreased hepazic
gluzathione corcentrations increase the lethality and hepatstodicisy of
vinylidens chloride (Jasger e%-zl., 1973a,c). The micToscaral enzyme
incducers, pharcbarhital and J-methylcholanthzens, increased the lezhalivy .
of vinylidens chloride inhala®ion (Carlsen & Fuller, 1372).

Vinyl chloride, whan adminiscered similtanecusly with visylidens
chlaride, preventad the injury associatad wich vinylidene chicride inha=-
laticn in fasted rats (Jasgexr, 1975).

Varizus epaxides (1,1, l-sichloropropane-2,d-cdide: 2, 3-epoxyprosan~
l-cl; styrene cxide; butadians monccide: and cyclohexEhe cxide)
echanced the hagatodcisy of vinylidene chlcride in male rats and dacseasad
thcacuumlm“ (Andersen & Jenkins, 1577).

Embrveeacicity and teratoosnicisy

Rats ware given vinylidene chlowide either as 200 mg/l in the drinkirg-
water or as 20-150 sym (80=-640 mg/m’) 7 hoxrs/day by inhalation on cays 6~15
of gestation. Rabhits weare given the sams dose by inhalation on days 6-18
of gestption. Mo taratogunic effect was seen Ioth in rats or rabhits. Same
evidance of exbryctoxicity or foetotoxicisy was chserved in both rats and
rabhits exposed © vinyliders chloride by izhalation: these effscts were
asscciated with matermally wmxxdic levels of ecoswre (Noxris, 1S77).

-~ .
—v-rn?'nPRTrpTAT
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Absoratisn, distribution, exerezion and =etabolism

Ia cats, as the dose level of radiocactive vinylidene chloride is
increased fram 1-50 mg/kg bw oral, or frzom 0.04-0.8 mg/! (10-200 ppm)
inhalatisn, the secabolic pathway becomes satucated so that psrzentage-
vise, less of the iose administered is metabolized and more is elimisaced
vis the lungs as vinylidene chloride. Az the 1 mg/kg bv oral dose and the
10 ppm iahalation dose, there was no difference in elixminacion by fed
versus fasted rats. At 50 mg/kg bw oral or 200 ppm inhalation, there was
a significant increase in the excretion of vinylidene chloride iz the
lungs aad decrease in urinary excretion of radicactivity in fed versus
fasted rats (Norris, 1977). The main eliminstive route for '“C-vinylidene
chloride after intragastric, 1.v. or i.p. administration to rats is pul-
zonary; both unchanged vinylidene chloride and relaced CO; are excreced
by that route and other vinylidene chloride metabolites vig the kidaoeys.
Biotraansformation of vinylidens chloride gives thiodihydroxyacecic acid
and an F=acetyleS=-cystainylacetyl derivative a&s major urinary macabolites
together with substancial amounts of chlorcacesic acid, dithiohydroxyacetic
acid and chiohydroxyacezic acid (Jones & Ezthway, 1978d).

Mice metabelize a grsater proporticn of an oral dose of 50 mg/kg bw
vinylideae chlozide chan rats. Mice (but uot rats) excrecs a small amount
of N-acecyl-S-(2-carboxymethyl)cysteine and they excrate more F-acetyl-S-
cysteiaylacetyl derivative than do rats (Jones & Esthway, 1978a).

Mezabolic conversion of vinylidene chloride inte an epoxide which can
TearTange to tha correspondant acyl chlorids has been proposed (Henschler,
1978; Jones & Hathway, 1978a,b).

Mutagenicicy and other shere-cerm tests

Vinylidens chloride at concentrations.ef 27 and 20Z (20,000-200,000 ppm)
in air produced reverse mutations in Sclmomella syphimariwn TA100 and TA 1530
iz the presence of %000 g supernmactant frea liver, lung and kidneys of mice and
rats (Bartsch e al., 1973) and in one human liver specimen (Bartsch et al.,
1976). At a comesntration of SZ (50000 ppm) im air, it is mutagenic is
S. typrimgium TA1S3S in the presence of a S~9 mix of liver or kidney irem
nice aud rats precreasted with Aroclor 1254. It wvas weakly sutagesic in cthe
presence of a S=9 mix of liver from a human subject who had been receiving

long-term phenobarbical medicacicn (Jones & Bathway, 1978¢). Reverss autations

vere induced in Escherichia coli K 12 by visylidene chloride solutiom iz the
presence of liver aicrosomss £rom urine pretreated with phsuobarbital (Greim
et agl., 1°=°*
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Vinylidene ciloride was mot mitacenic in the domimant lathal test
in male -1 mice exposed by inhalation wo 40, 120 and 200 mg/m’ (L0, 30
and 30 =) for € houss/Cay for S days (Andersen er zl., 1978).

&) Buers
Acuse eccsize t© hish concenzoations of vinylidene chloride in ais

exposures T low concentracions is associatad with liver and renal
dystmcmion. Skin contacs wish vinylidene chicride causes imwisavien
which may be partly due t= the hydroguinone monamethyl ether inhibisor.
Corzacs with the eye causes conjuncmivitis and transient cornsal injury
(Irish, 1963).

3.3 Case rezor:s ard epidemiological stxdies

O== et cl. (1576) irmestigatad the cancer risk amerxy a cchers of
138 workars exposed ©o vinylideme chloride where vinyl chloride was not
used as a copolymer., The authors reportad that there were o Sindings
statistically related or individually awtwibused @ vinylidene chloride
econze in this cohors [The Working Group notad that bacauss 27 workers
ware lost oo Sllow-tp but considered alive in the analyses, and tha®
beczuse 55 pacple hal lass than 1S years since first ecosure ard only 5
deaths were chservad, these factors preclindes any judomment on the £indings].

Vinvlidene chloride-vinyl chlaride cctolvers
1. Chemical and Phvsical Data

1.1 Sviorvms and =—ads names
Cham., Abstz. Services Reg. No.: 9011-06-7
'
Cwn. Abstr. Name: 1,l-Dichlcorosthens polymer with dﬂm:h‘am

Chlcroethylens-1,1-dichloroethylene polymes; 1,1-dichloroethylene-
mno-chlorvethylens polymer: 1,1-dichlorcethylens polymer with
chloroethylens; vinyl chlcoride copolymer with vinylidene chloride:
vinyl chloride=-1,l-dichiorcethylens copolymer: vinmyl chloride-
vinylidens chloride copolymer; vinyl chloride-vinylidens chloride
polymer; vinylidens chloride-vinyl chloride polymer
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Breon 202; Breona CS 100/30; Daran; Daran QR 6795E; Dow 874;
Dev Latex 8§74; ET 67; Geon 222; Geon 652; IRKhsS 1; FKhS 396;
Kurehalon A0; Llaplem; Latex SVKR; Polyco 2611; QX 2168;
Saran 683; Saran 746; Saran Resin 683; SP 489 SYRh 1;

SVKh 40; U? 925; Velen; VIEKh 65; Vinidea 60; VRhVD 40;
Wiaiden 60

1.2 Struezural and molecular formslae and molecular weighe

in combinzrtion with

(CzEZCI.z)x- (szscz), Msl. we: 10,000 co 100,000

1.3 Chemical and phvsical properties of the copolymer

(a) Descripticn: Crystallise or amorphous powder depeading upon
the costeat of viaylidens chloride (Anom., 1973)
(b) Melting-coine: 183-195°C (Uessling & Edwards, 1971)

() Solubiliev: Soluble in tacrabydrofuran, l,4-dioxane,
c¢yclohexanone, cyclopentancne, chlorobenzens, and dichloro-
benzene (Wessling & Edwards, 1971).

(d) Stabilicv: Resistant to sunlight and weathesing; vy-rays
cause cross linking and chain scissica (Wessling & Edwards, 1571)

1.4 Technical products and impuricies

Vinylidens chloride-vinyl chloride copolymers are commercially
available in the US in several forms: =zesins, lacexss, films, and fibres.
The identity and amount of impuritiaes in these products are sot available.
In gensral, products obtained by emulsiocn polymerization (i.es., latexes)
have varying amounts of additives used in the polymerization process,
such as initiztors, activaters, and sucface~active agents.
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The viylidene chloride-vinyl chloride copolymess corersia'y
available in Japan are believed o be based cn 80-30% vioylidens chlcovide

=ies,

2. Pr=duc=ion, Use, Ccorence and Aralvsis

2.1 Producsion and use

(a) Producmion

Te polymerization of vinylidene chloride was first chserved by
Regnault in 1838. During the 1930's in the US, the cxmerical development
cf the olymer began. The puwre hamwpolymer is diffisult to fahricars
because its sofiening point is very close to its decorposition moine.
The discovery that inclusion of small amounts of cther zonamers lowered
the scfeening point led to the cormercial imteohucwion in 1940 in the US
of the family of vinylidens chloride copolymers now known as saran (Gabbe=:
& Smith, 1964). The copolymmrs presently of comercial interest in the US
are: vinylidene chlcride—vinyl chlcride (Saran B), vinylidene chlcride-
alkyl acrylats (Saran C), and vinylidene chloride-acylenitvile (Saran T).
Bacause saran has row cume tO be a geraric temm in the US fox copolymers
of high vinylidens chloride contant, and because these crolymers are also
often referred to as sinmply 'molyvinylidens chloride’', the corposition of
the ccpolymers described in tha litesatire is not always kcown.

Vinylidene chloride-vinyl chloride copolymers are presently prochuced
in the US by free radical proomsses emlsion or suspension. In Japan,
they are sroduced by an emilsion process. The emilision srocess produces
.2 polyrer latex which can bs used directly (usually with addicional
stabilizing ingredients) or the polymer can be recovered, usually by
cosgulation with an electxolyts, followad by washing and drying. The
mwmmmdmamwm
pPolymer than the suspension process and the disadvantage of the relatively
high cncmntration of additives which sy affect same of the rzeperties
o the polymer. Suspension polymerization is usually usad for copolymers |
used as moulding and exttuling resins.
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faur U8 mangfacTeress dow Drxdhee viowlilfens chlicride-vinyl cloride

cxolymer resinsg, latexas, and filvs, and ane manulfactizer sroduces visyli-
dene chloride-vinyl chloride fibre, (5 produczicn of vinmylidene chloside

cooolymers in 1977 has been estimmzed at 68 million kg (Anem., 1977).

Vinylidene chlcride-vinyl chloride cooolyress weze Siost produced
crres=ially in Jazan in 1951, In 1976, four Japanese corpanies sraduced
an estimated 31,9 milliom ky vimylidene chlorvide-visyl chlcoride comolymers,
2.7 million ky of which was fitre and the Temainder, latex and £ilx,

® Use

Vinylicdene chloride-vinyl chloride oopolymers have cained wide use due
0 their barrier cropesties to water and gases, their resistance <o ail,
grease, chemicals, and sunlisht, their flexibility, and theis heat seal-
abilitsy. In addicion, the high chlorine content inparts fize retardancy
to the product. ' '

Vinylidene chicride-vinyl chloride copolyrers are usad in the Somm
of %ilms fo- food packaging (the largest vse); ooatings for cellcphans,
saper and other sicfaces; Zfilbres; and tubes and pipes.

Applications for vinylidene chloride-vinyl chloride copolymers in
food packaging inclide: lousehold focd wrap; industsial food wrap S
érun liners, chesse, luncheon meat, and sausage; shrink £ilx for beef,
poulssy, and cheese; and in laminmations for cap liners, cosmetics, and
Linchecn meat. A relatively new use is in a coecruded multi-layered
£ilm of polyethylans on a vinylidene chloride-vinyl chloride copolymer
core (Roth, 1976). '

Virylidens chloride-visyl chloride copolymars are used as caatings
in meny apelications, and as sxch are usad in twe foxms: solvent-soluble
resing, axd water dispersions or latees.

The sclvent-soluble resins are used to coat other polymer films such
as callcphane (the largest single applicaticon), paper drinking oups
ard platss, and papertoard cartons. Other uses inclide interior coatings
for ship tanks, railreed tank cars, and fual storage tanks, coatings for
mlpﬂuﬁm,bmmm&:mﬁcmu,m
tapes, video tapes, “mm (Roth, 1976; Wessling ¢ Edwards, 1571).
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T™he latexes ave used I3T coating paper fir use in zackaging fotass
chizs, sreszels, ceveal, ard cake nmixes, foT coating solyrTorviene and
cther plastics fSor packaging and for single serming comtainmers: and for
coating saperteard Sor packaging candy, taked goods, and ZrTzen and refzi-
gerated isews. Other applications inclixie use as birders for zaines and
norwoven Sa2bzics and as an additive 0 cmment to make Nigh-stoength Trrtacs
and sone—ezes (Roth, 1976; Wessling & Edwazds, 15971).

Exzouded fZibrves made Zoom vinylidene chloride-vinyl chloride cooelivier
fesins are used in a wide veriety of applications where sesistance <o
sunlight and chemicals is required (e.g., autcotive seat covess, cussoar
&xmisure, agricultural shade cloth, and filter fabrics) (Wessling &
Edards, 1971).

Vinylidene chloride-vinyl chloride copolymer resins are also exssuded
imto =ibes, rods, pipes, ard pipe liners for use in contact with chamicals
axd other cocrosive madia (Wessling & Edards, 1971). N

The multi-layered £ilm cf polyethylens cn a core of vinylidens chigwide-
vinyl chloride copolymer reportedly has found use in ostany devices (Roth,
1976). o

In Japan, approxirately 8% of the vinylidens chloride-vinyl chloside
crolymers prodiced are in the form of filwes used for fishing nets,
intevicr Swrnishings, ad constretion appliances. Agprocimacely 75% are
used in £ilm applications, 13% in latex applications, and 48 in cther
mspecified apolications,

T™ha TS food &d Drug Administration permirs the use of vinylidene
chloride copolymers (including the copolymers with vinyl chloride) as
conpenants of the following producss when they are intended for use in
contact with food: (1) admsives; (2) resincus and polymer coatings;
(3) paper ard papectoard; (4) zigid and semizigid accylic and sodified
acrylic plastics; (5) polyethylers phthalate polymers; and (6) packag-
ing material Sor we dxing the izTadiation of prepackaged foxxds (US fexd
ard Drug Administration, 1977).
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2.2 Cocorence

Vinylidene chilcride-vinyl chilozide oopolymess are not kown oo ocor
as natral sroducts.
2.3 Aralvsis

The analyzical chemistsy of vinyl colymess, including vinmylidens
crlaride-vinyl chloride cocrolyress has been reviewed (Cobler e+ 1., 1968).
Metheds of detecting suzface Sinishing agents, such as vinylidene chicriZas
polymers, cn paper have been seviewed (Proksch, 1969).

Methods of identifying polymer £ilms, including vinylidene chlowide
cooolymess, based on physical and chemical sroperties have been described
{Bristan, 1974:; Van Giesom, 1969).

3. Rislocical Data Relevant o the Bvaluation
of Carcinocenic Risk to Hmmans
3.l Carcincmemicisv ardd relatad stxdies in animals
maaummilabhmﬂnmgm.

3.2 Other relevant biolocical data

(a) Exerizental svstams

Rats fed a diet comtaining 58 lvinyl chloride-vinylidene chlcride)
corolymer for two years showed no toxic effects. Two dogs fed a diet
WStcﬁmmlyn.muxdmmumé‘m

P 3*.“ Q..

e bl £
M.lm&mdc, 1954). v

§ Rabbits tweated for three mmths i.v. with 1 ml/kg bw 18 solution of
vaanMcplymmwwcf&a
reticulo-erdothelial calls of the spleen, tone marrow, liver, lyrehatic

tissue ard lungs (Miyasaki, 1959).

(®) Rmens

Cne case of contact dexmatitis, limited to the area of its application,
has been reportad fyom the use of Saran Wrap (a vinylidene chleride—vinyl
chleride copolymer). A positive patch test to the copolymer was also
obtained (Osboxzrm, 1964).
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Two wortkars developed persistent crazial nerve disoriers as:er
cleaning=cut tank cars in which an aqueous dispersion of viaylideae
chloride copolymers had bees transporzed. These were atszibuted 2o trace
reaction products found in the copolymer (i.e., =onochloroacetvieze and/or
dichlorsacetyleae). The trigezinal nerve was prizcipally involved, asd :o
2 lesser degree the occipital suricular and cervical cutaneous nerves as
vell as the suscles of masticazion, the eye muscles and the hypoglessus
(Benschler ec z2l., 1970).

3.3 (Case repcrts and epidemiological studies
No data were azvailable to the Working Group.

4., Sumary of Data Revorted and Evaluacion

4.1 Experimental data

Viaylidens ehlorid. has been tested by oral administration iz racs
and by ishalacion exposure ia ud.ec) Tats and hamsgters. When given by -
ishalation iz rats and mice, it induced maligmant tumours, including angic-
sarcomas. The preliminary results of another imhalation study in rats aand
mice indicate the induction of malignant tumours of the kidmey ia zmice,
moszly males, and of an increased h;idcacc of mammary tumours in rats.
No carcinogenic effect wvas observed in an on-going study in hamsters
exposed to vinylidene chloride by inbslation. The oral study ia racs is
still undetway and csanot be evalusted.

Viaylidena chloride is mutageanic.

No data ou the caccinogenizicy of vinylidene chloride-vinyl chloride
copolymer wvers availsble tc the Working Group.
4.2 Buman data

The production volume of vinylidene chloride is high, and the
macerial is ucilized almost entirely in the production of the copolymars.
This suggests that occupationsally exposed groups might be identified for
epidemiological investigation. Production of the vinylidene chloride-
vinyl chloride copolymer is exctensive, and its use in consumer products
(ineluding food packaging) indicaces the possibilicty of widespread human

exposurs.
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The only epidemiological study availadle to the Workizng Group
reported 00 tumours assoclated with exposure 2o viaylidene chloride, bu:
the data vere mot adequate o perzit an assessment of carcizogemicity.

No case reports or epidemiological studies relevant to the carcino-
genicicy of vinylidene chloride-vinyl chloride copolymers were available
to the Working Group.
4.3 Evaluatien

The single epidemiological study oa vinylidene chloride available
to the Working Group was not adequate to permit an assessment of humas
carcinogenicicy.

In view of the substantial volume of vinylidene chloride manufactured,
the use of this compound in copolymers, the idencificacion of the material

in industrial emissicns and in drinking water, and its prasence in some
trichloreethylena, some chloroprens, and in household materials, the lack

of human epidemiological studies is sarious.

The available experimental evidence of carcisogenicity of vianylidene
chloride indicstes that it produces malignant tumours in mice and rats
and that scme of the tumours are similar to those produced by viayl chloride.
This evidence is, bowever, limited by the fact that it is partly based on
studies which ware still ia progress. An evaluation of the carcimogenicity
of vinylidens chloride will be made upon completicn of studies known =0 de

undervay.
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1. Iatroduction

The present report deals primarily with the results of a
project of integrated research designed to study the
long~term effects (zoxic and carcinogenic) of vinylidene
chloride (VDC). The project included several experiments,
in which the monomer was administered by different routes
(inhalation and ingestion) at differeant concentrations,
on three anidnal species (Sprague-Dawley rats, Swiss mice
and Chine hamsters). To our knowledge, this project,
sponsored by several European producers of vinylidene
choride --Zuropean Study Group for VDC Toxicity (BASF AG,
Dow Chemical Eurcpe SA, I.C.I. Lzd, and Solvay et Cie) --
represents the mos: comprehensive study available in this

area.

Moreover, in this report available studies on long-term
carcinogenicity bioassays, as well as on other bdiological
parameters concerming the behaviour and effects of VDC,
performed in other laboratories and in ours, are reviewed
for a better understanding of the biological action of

the monomer.
2. Vinylidene chloride

Vinylidene chloride (VDC), or 1l,l-dichlorcethylene,
CHz=C612. is produced in the U.S.A., Japan, and several
Vestern European countries.

Vinylidene chloride is mainly employed for the production
of poly(vinylidene chloride) (PVDC) resins and disper-
sions. Examples are Diofan. (BASTF), 1x4n° (Selvay),
Saran‘ (Dow), and Viclan' (ICI). The most important
property of PVDC is its low permeability to oxygen and

moisture.

CMA 014088
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The major use of PVDC is in the manufacture of flexibhle
packaging for foed.

The following population groups may be potentially expos-
ed to VDC: (1) workers engaged ia the production ¢f VOC
monomers; (2) workers manufacturing and processing VDC
polymers on an industrial scale; (3) residents arcund
factories producing VDC and VDC polymers; and, to a much
lesser extent, (4) poeple undergoing contact with resins
made with VDC and with materials containing these resins:
and (5) consumers of food preserved in packaging materials
coated with VDC resins.

3. History

Up to 1974 no data were available on long-tera effects of
vDe.

In October 1974, at the XIth Iaternational Cancer Congress,
held in Florence, Viola reported that he had observed _
cases of abdominal reticulosarcomas in a group of Wistar
rats exposed to VDC by inhalation &4 hours daily, S days
weekly, at 200 ppa for 5 months and subsequently at

100 ppm for 7 months. At the "Conference on Comparative
Metabolism and Toxicity of Vinyl Chloride Related Com-
pounds" held at the National Cancer Institute in Bethesda
'in May 1977. Viola and Caputo (1977) reported in detail
the results of this experiment and moreover the results
of a further experimeat in which VDC was tested on
Sprague-Dawvley rats, at 100 ppm and 75 ppa, under the
same experimental conditions. The authors concluded:

"A final statement of the pathological results must
swait the completion of the microscopic examination
of the tissues and organs of all animals. Never-
theless, it seems clear that there is no grossly
observable correlation between tumour formation and
VDC inhalation.”

CHMA 014089
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On the basis of Viola's communication in 1974 The Eu-
ropean producers of vinylidene chloride asked our Ia-
stitute and Tumour Centre to undertake the present pro-
ject of long-term carcinogenicity bicassays on VDC, which
was started in the spring of 1975. From the start of the
experiment it was immediately apparent that mice were
more sensitive to the acute effects of VDC than rats, and
male more than female mice (Maltoni et al., 19795).

At the beginning of 1977, in a series of reports (at the
Accademia dei Lincei, Rome; at the Intermational PVDC
Seminar of TAPPI, Hamburg; at the Americn Cancer Society,
New York; and at Iaternational Agency for Research on
Cancer, Lyens), we reported that under our experimental
conditions VDC produced kidney adenocarcinomas in male
Swiss mice. These early results were then published in
full (Maltoni et al., 1977 a, b).

In 1977 the interim results of a two-year toxicological

study on the effects on rats of vinylidene chloride

incorporated in their drinking water or administered by

repeated inhalation, performec at the Toxicology Research :
Laboratory of Dow Chemical (Midland, USA), were given

(Norris, 1977; Ramply et al., 1977).

. The research plan and resulcs of the Dow studies were

summarized as follows:

"Male and female Sprague-Dawley rats were exposed to
vinylidene chloride (VDC) orally or by inhalation in
two-year toxicological studies. VDC was given in the
drinking water at mean 2 5.D. concentrations of
zero, 68 T3 ppm, 106 22 ppm, and 220 T35 ppa,
which produced mean t S.D. dosage levels of zero,
5.9% 0.6 mg/kg, 10.0 ¥ 1.2 mg/kg, and 19.3 * 2.7
mg/kg for male rats and zero, 7.5 ? 0.4 mg/xg,

6208152
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12.6 T 1.1 mg/kg, and 25.6 > 2.4 mg/kg for female
rats. Forty-eight rats/sex/VoC level and 80 rats/sex
in the control group were used in the two year study
with an interim kill of an additional 10 rats/sex/
level at 90 days. In the iahalation study, rats were
exposed to 0, 10 or 40 ppm of VDC vapour 6 h/day, S
days/week for 5 weeks, after which the exposure
levels were changed to 0, 25, and 75 ppm of VIC.
Exposure continued for a total of 18 months and the
rats held for observation and additional 6 months.
Interim kills occurred at 1, & and 12 months. A
separate 90-day study using 20 rats/sex/level was
conducted at 0, 25, and 7S ppm of VDC vapor. There
were 86 rats/sex/level in the two-year portion of
the sutdy. The parameters monitored were: body
veight, food and water consumption (drinking water
study only), haematology, clinical chemistries,
cytogenectics of bone marrow cells (inhalation study
only), mortality, terminal organ weights, and gross
and histopathology. Based .on interim kills and_ gross
pathologic observations, the main conclusions are:
increased dytoplasmic vacuolation of hepatocytes was
seen in the livers of rats given 200 ppa VDC in
drinking water or 25 or 75 ppam VDC vapor by inhala-
tion; based on gross tumor count, tumour incidence
in VDC-exposed rats was not greater than controls.”

In 1977, in two similar articles, Lee et al. (1977 a, b)
reported the results of a study, supported by the Natio-
nal Institute of Environmental Health Sciences (USA), on
the carcinogenicity of vinyl chloride and VDC in Albino
CD-1 mice and CD rats. In this project, mice and rats of
both sexes were exposed by inhalation to 55 ppm of VDC, 6
hours daily, S days weekly. Similar groups of animals
were kept as coatrols. The study lasted 12 months. In
this experiment the authors reported that they had od-
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served 6 lung adenomas among 35S treated male mice versus
1 among 26 controls, 3 liver angiosarcomas (2 in males
and 1 in females) and 3 hepatomas (2 in males and 1 in
females) from 70 treated mice, versus none from 62 con-
trols. Two haemangiosarcomas (1l of the mesenteric nodes,
and 1 in subcutaneous tissue) were found in two of 71
treated rats versus none of the 70 controls. Concerning
the bronchiolar adenomas and the hepatomas in mice, the
authors concluded that their significance is questionable,
since the tumours may accur also in untreated animals
(and probably in consideration of the small number of
tested animals). As far as angiosarcomas are concerned,
on the basis of our experience with long-term effects of
VDC, this result was unexpected by us (Maltoni et al.,
1977 a, b). The possibility of unwanted exposure to vinyl
chloride used in parallel experiments was discussed at
Bethesda "Conference on Comparative Metabolism and Toxi-
eizy of Viayl Chloride Related Compounds™ (1977).

The compatibility of a prolonged inhalatory exposure of
nice to 5SS ppm of VDC with a long survival does not
parallel our experience on the acute toxicity in several
strains of mice (Swiss, Balb/C, C3H, CS7 Black), and on
the chronic toxicity in Swiss mice, which appeared to bw
much more semsitive to toxic effects of the monomer.

4. Planning, materials, and methods
The chambers for inhalation exposure were basically built
of stainless steel and glass. The determination of VDC

concentrations was carried out by gas chromatography.

For the ingestion experiments VDC was administered in
olive oil by gavage with a stainless steel stomach tube.

CMA 014093
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VDC was supplied and analyzed by the Ceantral Laboratery
of Solvay (Brussels). The impurities and thei:r levels in
the VDC employed were as follows:

1l,1-dichloroethyiene (VDC) 999.5 g/kg
l,2-trans-dichloroethylene 0.4 e
acetone ' 0.1 "
methylene chloride 0.05
mono and dichloroacetylene 0.02 "

As stabilizer p-methoxyphenol at 200 ppa was used.

The experiments utilized Sprague-Dawley rats, Swiss mice
and Chinese hamsters. All the animals, except the hanm-
sters, had been bred in our Iastitute for years, and,
whatever their use, were all examined at death by coamplece
autopsy, giving us extensive information concerming their
current patholegy.

The animals were weaned and classified by sex when 4-5

weeks old, at which time they were numbered by ear punch
and divided into groups by litter distribution. After
weaning, the animals were given drinking water ad libizum
and an adequate commercial diet. The animals were kept in
groups of five in .Hakrolon* cages with ctops made of
stainless steel wire, but during the period of inhalatory
treatment they were housed in groups of ten in stainless
steel wire cages with 3 solid bottom of the same mecal. A
shallow layer of white-wood shavings served as bedding.
The animals were kept in a temperature-controlled labora-
tory at 19-20 °C.

Five experiments were started around the same period. The
plan of the experiments is given in tables 1 to §.

*Polycarbonate

CHA 014094
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Experiment 1 (BT40l) studied the effects on rats of
inhalation exposure to 200 (then reduced, after two
exposures, to 150 because of the strong toxic effects),
100, S0, 25, and 10 ppm of VDC, 4 hours daily, 4-5 days
weekly, for 12 months. One group of animals served as
control. 150 ppm was the highest tolerable dose by
Sprague-Dawley rats for long-term exposure. From time to
time the treatment was reduced from S to 4 times weekly
because of early toxic effects in animals exposed to

150 ppm.

Experiment 2 (BT402) started with groups I, I, III, IV,
V, aad VI, and it was planned to study the effects on
mice of inhalation exposure to the same range of VDC-
doses as BT40l. 25 ppm was found to be the highest
tolerable dose by Swiss mice for long-term exposure. .
Doses of 200 and 100 ppm for 2 days, and of SO0 ppm for &
days (4 hours daily) caused death of a proportion of
animals. When it ‘appeared that exposure to 200, 100, and
SO ppm had to be withdrawn because of high mortality and
severe toxic effects, the number of animals exposed to 25
ppa was enlarged by adding a supplementary group (IV/2),
with its proper comtrols (group VII). In conclusion oaly
two dose levels (10 and 25 ppm) were selected for this
long-term study.

Experiment 3 (BT403) was designed to evaluate the effects
of VDC on Sprague-Dawley rats by ingestion, at three dose
levels: 20, 10, and S mz/kg body weight, once daily, 4-S
days weekly, for 52 weeks.

Experiment 4 (BT 404) was started to complement experiment
BT403 with a lower dose (0.5 mg/kg body weight) once
daily, 4-5 days weekly, for 52 weeks.

A
-
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Experiment 5 (BOT40S) was included to study the effects
of VDC in Chinese hamsters at 25 ppm, which is the
highest possible concentration for long-term exposure of
mice and also one of the exposure levels of rats.

The aninzals were examined weekly, and weighed every 2
weeks during the period of treatameant and monthly after
the treatment was over. All the detectable gross patho-
logical changes were recorded during the examination. All
the animals were kept under cbservation until spontaneous
death. Moribund animals were isolated, in ovder %o aveid

cannibalism.

A complete autopsy was carried out on each animal. Histo-
logical examinations were performed on the Zymbal glands,
interscapular brown fat, salivary glands, tongue, lungs,
liver, kidnoeys, spleen, stomach, different segnments of
the intestine, bladder, brain, bone marrow (sternum) and
any other organs with pathological lesions. Furthermore,
cytological examinations were carried out on the bone
marrow of the femur. Histological sections were stained
routinely with hematoxylin and eosin and, in particular
cases, with Papanicolaocu, Van Gieson, Mallory, and Gomory
stains, silver stain, and Congo red. Cytoleogical smears
were stained with Giemsa and Papanicolaou stains.

Part of the results have been evaluated by statistical
analysis (see Appendix).

L Results
S.1. Chronic toxicity
The toxic effect was studied by histological examination

of tissues and organs in animals that had died spontaneous-
ly. Therefore the observed changes had to be considered

CMA 014096
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as partly due to the treatment and partly due to spon-
taneous pathology and to immediate causes of death.

5.1.1. Rats

Regressive changes, such as hepatocytes vacuolisation,
cloudy swelling, fatty degeneration (Fig. 1), necro-
biosis, and necrosis were found in some animals, in
treated as well as in control groups. ’

These changes were observed more frequently in rats
exposed to 200-150 ppm by inhalation (57.6 %) than in
controls (20.5 %).

$.1.2. Mice
Pathological changes were found in the liver and in the
kidneys, both of control and treated animals. '

The most frequent findings were regressive changes (hepa-
tocytes and vacuolisation, cloudy swelling, fatty degene-
ration, necrobiosis and necrosis) and amyloidosis in the
liver, and regressive changes (cloudy swelling and necro-
sis of tubular cells), amyloidosis of glomeruli, and
chronic nephritis in the kidneys. The incidence of these
lesions in the groups of animals treated with doses
compatible with long survival (25 and 10 ppm) and con-
trols is given in Tables 6 and 7. From these results no
correlation emerges between the abovementioned changes
and exposure to VDC.

A higher incidence of more pronounced regressive or
phlogistic changes was found in residual parenchyma of
kidneys with renal adenocarcinoma. In this situazion it
is not clear if these changes were due to treatment oOr toO
the presence of the tumor.

CMA 014097
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Areas of fibrosis, with or without calcium deposi:cs

(Fig. 2), were found in the liver of some of the few
animals which survided treatment at the high doses of
VDC. Such lesions were not noted in control animals. They
should be interpreted as reparative scars, following
severe necrosis of hepatic cells.

5.1.3. Hamscers

No particular changes were found in hamsters, neither in
treated nor in control groups.

5.2. Carcinogenicity
5.2.1. Rats .

Different kinds of tumours were observed in rats treated
by inhalation and ingestion and in the control groups,
the mammary ones being the most frequent.

The incidence of the different types of neoplasias, and
the distribution of the different histotypes of mammary
tumours and of some biological parameters related to
them, are given in Tables 8-22.

In rats exposed to VDC by inhalation (Tables 8 & ll), and
increase in the incidence of mammary tumours in general,
but not of carcinocaas, was observed among treated animals
vhen compared with the control. Within the treated groups
no dose/response relationship effect was found. No in-
crease of mammary tumours was observed among rats to
which VDC has been given by-stomach tube (Tables 13, 16,
18, and 21) (see statistical evaluation appendix).

This phenomenon has been noted in other experiments
studying compounds chemically related and also related to 2
. &N

)
&
o
CMA 014098 )

N
BFG61223



o

@

A

b 1
Page 12 2 mm s

VDC, suggesting that this increase of mammary tumcurs may
be due to some "non-specific factors" connected to inhala-
tion (such as olfactory stimulation with consequent
stimulation of pituictary gland).

No other relevant findings have been recorded.
5.2.2. Mice

Because of the high early mortality in the groups treated
with 200, 100 and 50 ppm, the results are mainly based on
the groups treated at 25 and 10 ppm and on controls.

Various types of tumours were observed in mice, the most
frequent ones being kidney adenocarcinownas, mammary
tumours, pulmonary adenomas and leukemias. .

The incidence of these differeat types of tumours, and
data on the histotypes of mammary neoplasias are given in
Tables 23-25.

5.2.2.1. KRidney adenocarcinomas

The most important finding was the onset of kidney
adenocarcinomas in mice exposed to 25 ppam of VDC. This

kind of tumour was also observed in one LOf the surfivors

of the SO ppm group. Such tumours wef!*fcund<a¢4cher in

the 10 ppm group(po:::aishe control groups, and they have »o%
been noted in untreated Swiss mice of our breeding.

&U-ﬂowaliu ,

‘ The tumours of the kidneys were almost exclusxvely in
nales (29 of cthe 30).

The kidney adenocarcinomas were found in left and right
kidneys. In some cases they were bilateral (Fig. 3).
Often in the same kidney they appeared to be multi-

MAYYTPRsm e o -
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centric. At the autopsy the tumours were often quickly
detected as nodules of different sizes. Often they were
observed in uniformly enlarged kidneys, and also ia
kidneys without any peculiar gross change.

Following different histological parameters, these tomours
could present all the patterms occurring in curreat human
pathology. The three different basis classical histotypes

were observed, i.e. clear, granular and dark cell carcinomas;

in dark cell carcinomas, the dytoplasm could be basophilic
or strongly eosinophilic (Fig. 4-12). While some tumours
were rather monomorphic¢, others presented pleomorphism of
different degree: large cells with very voluminous nuclei
were frequently found (Figs. 13-15). The adenocarcinomas
were found to show tubular, papillary, cystopapillary,
solid, and uniform arrangements (Figs. 16-18). Several-of
these different patterns in different combinations could
be found in the same tumour. Two of these tumours were
found with metastases, one in the lung, and one in the
liver.

Hyperplasia and dyspiasia of tubuli were found in the
kidneys of some treated male mice (Fig. 19 & 20).

5.2.2.2. Mammary tumours and lung adenomas

Mammary tumours, almost exclusively carcinomas, were
found both in treated and in control groups. They were of
the type usually observed in the untreated animals of our
breed of aice. A higher incidence of these tumours was
observed in the treated groups, without a dose/response
relationship (Tables 23 & 25).

Pulmonary adenomas, some with cellular atypias, were
found in treated and in control animals, with a higher

incidence in the treated ones, without dose/ response
relationship (Table 23).

cHMA 014100
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Statistical analysis was performed to assess the signi-
ficance of the differences in the incidence of mammary
tumours and pulmonary adenomas in mice exposed to 25 and
10 ppm and in controls, also in relation to sex and age.

The important of analyzing these factors emerged from the
following considerations:

(1) the spontaneous incidence of these tumours varied in
the two sexes;

(2) these tumours were age-correlated, as are many other
spontanecus tumours;

(3) in experiment BT402 the survival of mice exposed to
25 and 10 ppm was higher than survival of the con-
trol groups.

The data on mortality rates and the results of statisti-
cal analysis are fully reported in the Appendix. They
show:

(1) There were some significaant higher rates of mammary
and pulmonary tumours in VDC-exposed groups when
compared to the comtrols.

(2) vhen the incidence of these tumours was adjusted for
survival rate, the significance of the difference

between treated and control groups was reduced.

(3) No dose/response relationship could be calculated,
either during the total time of the experiment or in
different time intervals.

(4) Overal; there was a clear fluctuation and imbalance
of this trend in the different groups.

BEG61226
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In conclusion the direct relation of this effect to VDC
treatment remains open.

5.2.2.3. Leukemias

No correlation between leukemias and VDC treatment was
found.

5.2.3. Hamsters

Tumours (mainly uterine carcinomas) were found in treated
as well as in the control groups. Their incidence was not
increased by VDC treatment.

6 Related research in our and other laboratories

-

6.1. Acute toxicity

In acute experiments, when VDC was administered at rela-
tively high doses to rats, it caused changes in the liver
and plasma enzymes (Jenkins et al., 1972; Jiger et al.,
1972 and 1973).

In rats exposed by inhalation to 200 ppm of VDC, Jiger et
al. (1975) observed a massive mid-zonal hepatic necrosis
with hepatic thrombosis and chromatolysis wicthin 2 h
after a 4-h exposure. Serum transaminase and sorbitol
dehydrogenase were greatly elevated at 6 h. This effect
in unfed rats was associated with glutathione (GSH)
depletion.

An extensive study of acute toxicity was performed in our
Institute (Maltoni et al., 1975, in press), on Sprague-
Dawley rats and 4 strains of mice (Swiss, Balb/C, C3H,
CS7 Black). From this study it emerged that mice are more
sensitive than rats, and that Swiss and Balb/C mice are

CHA 014102
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more sensitive than C3H and CS57 Black mice. Apart frem
C3H mice, females appeared to be more resistant than
males. Among the various effects observed the most pro-
minent was necrosis, with cariorexis, in liver and in
kidney. Such lesions appeared very marked and extensive
in Swiss and Balb/C male amice.

6.2. Mutagenic effects

Greim et al. (1975) and Bartsch et al. (1975S) obtained
positive results with the Ames test. These authors point-
ed out some species-specific differences. VDC given alone
showed no mutagenic effects on Salmonella strains. In
adding a metabolic system of rat liver enzymes, small
sutagenic effects could be seen. Using mouse-liver micro-
somes, the effects were several times greater.

These results parallel certain metabolic differences in
the animal species. The ability of monoxygenases to form
epoxides is twice as high in amice as in rats. la one of
the further metabolic steps the epoxides can be trans-
formed by means of epoxide hydratases to diols or other
compounds: this enzyme system is seven times more reac-
tive in rats than in mice (Oesch and Glatt, 1976); there-
fore, mice seem to produce much higher concentrations of
reactive epoxides or their subsequent products of meta-
bolism, which are postulated to be the possible direct
active toxic components.

6.3. Cytogenetic effects

Balmer et al. Dow/MCA, 1975) could not detect any cyto-

genetic effects in rats exposed 6 weeks by inhalation to
VDC in air at concentrations of 25 and 75 ppm. This was

confirmed by BASF (1977), where in Chinese hamsters,
exposed 5 days by inhalation to 100 ppm VDC, no increase

CMA 014103
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of chromosome aberrations in the bone marrow test cculd
be found. After long-term exposure of 12 months to a
concentration of 55 ppm Lee et al. (1978) could not find
changes in the cytgenetic analysis of bone marrow tesz on
rats as well as mice.

After a single oral dose of 217 mg/kg b.w. of VDC no
statistically significant increase of the chromosome
aberration rate was found (BASF, 1978).

On the basis of these results no cytogenetic effect of
VDC could be found, either by long-term or by acute
application of a high dose, in inhalation and oral sctu-
dies with rodents.

6.4.  Pharmacokinetic and metabolic studies

Jaeger et al. (1974) reported that the hepatotoxic effect
of VDC is much higher in unfed rats than in fed rats, and
that there is an inverse correlation between hepatotoxi-
city and the concentration of glutathione. These findings
led to the hypothesis that the detoxification of VDC is
primarily dependent upon the glutathione concencration.

Jaeger et al. (1977) pointed out that in unfed rats and
fed rats exposed by inhalation to high doses of 14C-VDC.
l“c radicactivity was found in various organs, particular-
ly {n kidney and in liver. The largest amount of total
radiocactivity was detected in the kidney of unfed rats.

16C activity in liver cells was detected in mitechondrial,
microsomal, and cytoplasmatic fractions. Significantly
more radiocactivity was found in all liver fractiomns of
unfed rats. The administration of trichloropropane epoxide,
an epoxide hydrase inhibitor, seemed to increase the
toxicity of VDC significantly in unfed rats, the enhance-
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ment of toxicity being proportional to the concentration
of the inhibitor. This last result supports the hypothe-
sis of the role of epoxide derivatives in toxicity of
VDC.

McKenna ez al. (1977) showed that in rats and mice expo-:
sed to l“c-vnc. 14c was covalently bound to macromole-
cules in liver and kidney of both species. The 14¢ aeti-
vity was higher in liver and in kidney of mice, in compa-
rison to rats. The authors concluded that these daca
indicate an enhanced production of reactive metabolites
of VDC in mice.

The data of Jaeger et al. and McKenna et al. bring further
evidence that VDC toxicity does not correlate directly
with the exposure per se, but is reflected in the balance
of the amount of toxic metabolites and detoxification
processes, which in turn are dependent upon many biologi-
cal factors.

6.5. Epidemiological studies

In a recent study, published in November 1976, Ott et al.
examined the mortality and the health control findings
among 138 employees exposed to measured levels of VDC,
ranging froa 5 ppa to 75 ppm TWA (time weighted average),
where vinyl chloride was not used as a second monomer.
There were no findings in that study significantly rela-
ted to VDC.

Hepatic damage was observed in 2 individuals with a
positive history of ethanol consumption. The authors
recommended "that additional epidemiologic data should be
developed where exposure has taken place, with careful
consideration given to obtaining an accurate history of
alcohol consumption”.
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In a similar study Thiess et al. (1977) reported mortali-
ty rates and health control findings of 629 employees
exposed to VDC as well as to viayl chloride aad acrylo-
nitrile. The VDC working-area concentrations were about
SO ppm (1955-1965), about 10 ppm (1965-197S), and S5-10
ppm after 1975. No significant increases in mortality or
tumour incidence were found. Two lung carcinomas occurred
at a very young age but with an exposure period of 14 and
25 months only (smoking habits unknown).

7 Conclusions

(1) Kidney adenocarcinomas were observed in Swiss (almosi
exclusively male) mice exposed by inhalation to VDC
at S0 and 25 ppm. Under our experimental conditioms,
SO ppm VDC was already a near lethal dose, and 25,
ppe was the highest dose compatible with long survival
of the treated animals.

No renal tumours were observed in mice exposed to 10
ppm VDC or in controls.

(2) Kidney adenocarcinomas were not observed in rats
exposed to VDC by inhalation at doses from 150 to 10
ppm, or by ingestion (gavage) at doses from 20 mg to
0.5 mg/kg b.w., or in hamsters exposed by inhalation
to 25 ppm.

(3) The incresse of mammary tumours in rats exposed to
VDC by inhalation was not dose-related, and there-
fore it is difficult to evaluate its specific rela-
tion to the administration of the monomer. This
phenomen has been observed in other long-term inha-
lation biocassays.
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(4) The dependence of the increase of mammary tumours
and lung adenomas in mice on VDC treatment stil]
remains open and needs further clarification.

(S) 1In our experiments we did not observe liver angio-
sarcomas, either in treated rats or in mice. The
animals used were of the same breed that is highly
susceptible to induction of angiosarcomas by vinyl
chloride.

(6) Our results have failed to confirm Viola's prelimi-
nary findings, which suggested that VDC was causing
reticulosarcomas in rats.

(7) Under our experimental conditions, adenocarcincma of
kidney in mice was the only tumour specifically _
linked to VDC exposure.

(8) As far as this effect was concerned, there was a

_strong host influence: mice were more susceptible
than rats and hamsters, and male mice much more than
female nmice.

- ——————— - — - -

(9) There was a clear cut direct relationship between
the degree of susceptibility to acute toxid and
‘D carcinogenic effects in the different animals spe-
cies and sexes studied.

(10) As a result of in vivo and in vitro studies it is
probable that VDC is metabolized into more reactive
compounds responsible for the toxic, mutagenic aad
carcinogenic effects of the monomer. The rate at
wvhich the actice metabolic compounds are formed and
metabolized depends on the concentration of admini-
stered VDC and on the metabolic pathways in the
tested animals, which appear to be strongly influenced
by species and sex, as vwell as by other factors.
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(1)

(12)

(13)

(a)

(b)

(e)

The present report deals with the results of a wide array

- -
s

The mice used had the appropriate metabolic condj-
tions for indicating the oncogenic poteatiality of

vDC.

From a scientific point of view, the results of the

studies on toxic, mutagenic, and carcinogenic effects
of VDC and on its metabolism represent an exceptional

integration of experimental multidisciplinary infor-
mation.

We think that further investigations are needed in
biological, biochemical, epidemiological, and medi-

"cal fields, in order to

further ianvestigate :ﬁe roles of species, strain,
and sex on the pathological effects of VIC; -

learn more about the metabolisam, with particular
regard to active metabolic compounds, and the bio-
logical factors influencing the metabolic pathways;

collect all possible epidemiological and medical

data on occupationally exposed groups, which to-
gether with experimental results will provide the

background for risk assessment.

Summary

of correlated and integrated experiments aimed at the
study of the long-term effects of VDC, with particular

regard to carcinogenicity. The monomer is employed in the

production of polymers whose major use is in the manu-
facturing of flexible packaging for food.
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The monomer was tested by inhalation, in Sprague-Dawley
rats (200-150, 100, SO, 25, 10 ppm), Swiss mice (200,
100, SO, 25, 10 ppm), and Chinese hamsters (25 ppm), and
by ingestion in rats (at the doses of 20, 10, 5, 0.5
mg/kg body weight, in olive oil, by stomach tube).

The treatment was carried out 4-5 times weekly, for 1
year, with the exception of the groups of mice, treated
by inhalation, at 200, 100 and 50 ppm, in which it was
withdrawn after a few days, because of the excessive
acute toxicity. 25 ppm is therefore the highest tested
dose, compatible with a long-term treatment, by inhala-
tion in mice. '

The most important result was onset of kidney adenocar-
cinomas in mice exposed by inhalation at 50 and 25 ppa.
Male mice appeared to be more susceptible than females.
This tumour was not observed in mice exposed by inhala-

tion at 10 ppm VDC or in the other treated animal species.

Increase of mammary tumours in rats and mammary tumours
and lung adenomas in mice were found following inhalatory
exposure to VDC. The lack of dose/ response relationship,
the results of statistical analysis, and biological
inforna:iod.fron these as well as from other correlated
experiments leave the problem of the correlation between
these tumours and inhalation exposure to VDC or other
sonomers still open.

The available data based upon the studies performed in
our and other laboratories show good correlation among
the results of studies om carcinogenicity, toxicity,
mutagenicity, and metabolisa of VDC.

Ou the basis of our present knoﬁledge on VDC toxicity and
carcinogenicity, the need for further experimental and

CMA 014109

BFG61234

8087052



PI‘Q 23 2;—_’/:'

epidemiological investigations for risk assessment has
been suggested.
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